ABSTRACT OBJECTIVES This study aimed to determine the spatiotemporal stability of rotors and other atrial activation patterns over 10 min in longstanding, persistent AF, along with the relationship of rotors to short cycle-length (CL) activity.
. Findings from studies in humans using low-density endocardial mapping and phase analysis (9, 10) suggest that AF in humans may be driven by a small number of rotors that are highly stable over prolonged time periods (11) . Ablating these circuits has been reported to be effective in acutely terminating AF and in maintaining sinus rhythm in the intermediate term (10, (12) (13) (14) . In contrast, "panoramic" atrial mapping through phase analysis of body surface potentials has demonstrated a very different type of rotor activity, these rotors appearing unstable and persisting for only 2 to 3 rotations (15) . These disparate results remain unexplained. The paucity of regular monomorphic EGMs or repetitive sequential activation around the presumed path of the rotor within existing reports, and observations such as the strong dependence of rotor demonstration on the band pass filter applied to body surface potentials, have raised important methodological questions (16) .
In the present study, we used high-density epicardial mapping over 10-min periods to identify the presence of rotors and to characterize their spatiotemporal stability and relationship to short cycle-length (CL) activity in patients with longstanding, persistent AF.
METHODS
Ten patients with longstanding, persistent AF undergoing a first elective cardiac surgical procedure were studied ( Table 1) . Participants were undergoing coronary artery bypass graft surgery (CABGS) (n ¼ 3),
or CABGS/MVR/AVI (n ¼ 1). Antiarrhythmic medications were ceased $5 half-lives prior to surgery. All 
RESULTS
All participants had preserved left ventricular systolic function ( Table 1 ). The mean age was 69 AE 17 years, 60% were male, and 90% were hypertensive. The median AF duration was 4. showed short CL activity, with a CL of 78 AE 4 ms, to consistently co-locate to the core of rotation (Figures 2 and 3, Online Videos 1, 2, 3, 4, 5, 6, 7, and 8) . 
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Multiple atrial activation patterns are represented within each 10-s atrial fibrillation (AF) segment (1-6) (a single column represents the distribution of activation patterns within a 10-s segment), but the distribution of activation patterns within each mapped region over the 10-min period is temporally stable (1-13).
Walters et al.
an area of short CL activity, with a CL of <100 ms.
This area occupied 4 AE 3 bipoles, with organized rotation around this core being consistent with spiral wave arms emanating from a small high-frequency rotor. In all cases, the area at the center of rotation represented the area on the mapping plaque with the shortest CL over the time period during which the rotor was seen. The occurrence of short CL activity, however, was not specific for rotors. Although overall 11.9 AE 26.4% of occurrences of confluent short CL activity were located at a rotor core, 53.8 AE 21.5%
were associated with WF collision, 19.8 AE 13.1% were associated with slowed conduction of linear WFs, 13.9 AE 12.0% were associated with disorganized activation, and 0.6 AE 1.2% were associated with focal activation ( Table 2) .
STABILITY OF ACTIVATION PATTERNS. The distribution of activation patterns was highly consistent 
across the 6 AF segments for each mapped region (Figures 1 and 4) . In the setting of WF activation, the directionality of propagation was highly conserved.
In 8 of 13 regions (62%), there was a consistent, single, dominant pattern across all 6 AF segments.
In 3 of 13 (23%), this was seen across 5 of the 6 segments and in 1 region (8%) across 4 of 6 segments.
Using 2-way tables to relate the distribution of patterns to the 6 segments, no evidence of change in the relative distribution of activation patterns over time was seen in 9 of 13 mapped regions (69%).
DISCUSSION
In this study in a population of patients with longstanding, persistent AF, the major findings were: Walters et al.
Based on these findings, it appears justified to conclude that it is adequate to analyze single, 10-s segments of AF, as has been done in prior studies.
ROTORS IN HUMAN PERSISTENT AF. There continues to be debate as to the importance of rotors in sustaining in-human persistent AF, with several studies suggesting that multiple wavelet reentry is primarily responsible for its maintenance (1,2).
Furthermore, in studies that have demonstrated rotors, there have been fundamental differences in the reported prevalence and temporal stability of these possible AF drivers (9,10,15,16).
Narayan et al. (9) were the first to demonstrate rotors in human AF, in approximately 90% with persistent AF. Using low-density basket catheter mapping and phase analysis, they reported human AF to be driven by a small number (10) of macroscopic rotors that precess within small, patient-specific areas and to remain stable for thousands of cycles (11) .
In several reports, ablation at the core of the rotor resulted in a rate of acute AF termination and then maintenance of sinus rhythm of up to 82% (10, (12) (13) (14) . drivers of fibrillation or simply represent a passive phenomenon. In the present study, we observed that 87% of rotors were centered on an area of short CL activity representing the shortest CL on the plaque at that time. Although short CL activity was not specific for rotors and there was no evidence of anatomical discontinuity at the core of rotation, this finding provides indirect evidence that these rotors may be active drivers. In the study by Haïssaguerre et al. Transient rotors can be demonstrated in the great majority of mapped regions and are associated with short CL activity, providing some support for a role as active drivers, and when recurrent, they demonstrate anatomical determinism.
